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Nano CMOS : Supply Voltage
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Ultra-low Voltage Analog/RF

What analog/RF is possible in core nanoscale
digital?

Scavenging applications

— E.g., single solar cell V5 0.4-0.5V

Ultra-low energy digital systems
— Analog support functions for digital

SOC designs
— Analog/RF powered from on-chip LDO

Interesting research...
— Explore boundaries, develop design techniques

© Peter Kinget

13



MOST Biasing: CS or VCCS

e Transconductor or Current Source
Ve > 0.15 V (for V-V < 0.2 V)

e Moderate to Strong Inversion

© Peter Kinget 14



Ultra-LV Challenges in OTAs




Device Level
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0.5 V Gate-input OTA stage

R 17



0.5VOTA In 0.18um CMOS
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On-chip biasing circuits
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Error amplifier for biasing
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OTA DC transfer characteristics
and V,, generation

V\r generating circuit

S—D.S %

° Replica of OTA

o =

O N PRI T stage 1

O creasin R

S | 9 Var —LN\A; / y
= i 1
> cl

O L

gl 1 0 1 2

Input differential voltage [mV]

© Peter Kinget 21



Open Ioop_performance (meas.)
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Low-voltage tunable integrator
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0.5 V Fully integrated 5th order LPF
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Performance summary at 27C

Vo [V] 0.45 0.50 0.55 0.60
-3 dB cut-off frequency [kHz] 135.0 | 135.0 | 135.0 | 135.0
Total current [mA] 1.5 2.2 3.3 4.3
Noise [HV rms] 87 74 68 65
Input [mV rms] (100kHz / 1% THD) 50 50 50 50
In-band IIP; [dBV] -5 -3 -3 -3
Out-of-band IIP; [dBV] 3 5 3 5
Dynamic range [dB] 55 57 57 58
Tuning range [kHz] Viine = Voo 96.5 88.0 84.5 69.0
Vine=0.0V| 153.0 | 154.5 | 148.0 | 150.5
VCO feed-thru @280kHz [pV rms] 104 85 72 72

* Measured CMRR (10 kHz common mode tone): 65 dB
* Measured PSRR (10 kHz tone on power supply): 43 dB

Functionality tested from 5C to 85C at 0.5\, inget
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0.5V 1Msps 60dB T/H amplifier

+0.25um CMOS
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0.5V Differential Track and Hold
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Track mode operation

R/3 e Resistors to 0.5V
" y oy maintain required
Nl - OTA input CM
Y voltage of 0.4V.
\‘g’ﬁ{; ~_| v, * Toenable better
o v | T switching, both gate
' Vout and body of the
/ switch are used.
ALl e No voltage swing on
J— 5 - either side of the
W\ switches.

% R/3
o5V © Peter Kinget 8



Hold mode operation
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Measured SNDR
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Measured performance

Power supply 0.5V
Current consumption 600pA
Sampling rate 1Msps
Diff. input refd. integrated noise 188uVrys
Peak SNDR fi=50kHz; Vi, gir=178MVpys 60dB
Peak SNDR fi=495kHz; V;, 4r=100MVpys 57dB
Hold mode droop rate on diff. output 7.6uV/uV
Pedestal on diff. output 0.8mV
Track mode bandwidth 3.9MHz

© Peter Kinget 31



0.5V 74 dB SNDR 25kHz 2A Modulator

¢(0.18 um CMOS
 MIM caps
 Triple-well devices
e High-res resistors

L RR L R .

e Body-input, gate-
clocked logic

e Return-to-open
feedback

E?‘

[Pun, Chatterjee,
Kinget, ISSCC 06]
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3rd order CT A Modulator

Using Active RC integrators
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3rd order CT XA Modulator

Using Active RC integrators

] in+ \IQEV Vin.
e SNl

out-

R

®pac

Vout+




3rd order CT A Modulator

Using Active RC integrators
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3rd order CT A Modulator

Using Active RC integrators
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RZ Challenge: Switches at V,/2
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Solution: Return-to-Open
When RZ:

Vdac V,
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Solution: Return-to-Open
When RZ: AT TS
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Return-to-open CT SDM

& R1bp C1p & R2bp C2p & R3bp C3p
DAC &é (86kQ2) ilzg) DAC ié (1451Q) (7-8@ DAC%& (93k2) ﬁl@
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Split Return-to-open DAC>

Only switches to VDD or VSS BW = 25kHz, fs = 3.2MHz,

Vin,max = 1Vppdiff.
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Performance Summary at 25°C

Modulator type 1-bit, 3rd order, continuous-time
Signal bandwidth 25 kHz
Sampling frequency / OSR 3.2 MHz / 64
Input range 1 Vppdiff.
Supply Voltage 0.45V 0.5V 0.8V
SNDR @ Vin = 1Vppdiff. 71dB 74 dB 74 dB
SNR @ Vin = 1Vppdiff. 76 dB 76 dB 74 dB
Power consumption (total) 370 uW
Sigma Delta Modulator 300 uW
Output buffers 70 uW
Active die area 0.6 mm?
Technology 0.18 um CMOS

(standard V-, triple-well, MIM, and HiRes Poly)

© Peter Kinget
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Recent Work in 90nm CMOS
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0.65V/0.5V 2.4-2.6GHz
Fractional-N Synthesizer

o W, O

Swings on all VCO nodes are
kept within the supply rails for
reliability.

Forward body bias to enhance
the divider speed.

Fractional-N DSM dithering
shifted to later divider stages to
prevent noise injection into
forward biased body.

Staggered clock to prevent
jittering caused by simultaneous
switching.

90nm CMOS

[S. Yu & P. Kinget, ISSC07]
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Performance Summary
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A 0.5V 8bit 10Msps Pipelined ADC
in 90nm CMOS

e No internal voltage or clock boosting
e Regular devices

e (Cascaded sampling technique to
reduce the channel leakage of the
switches

e 1.5bit/stage (remark: stages identical, stages
scaling not exploited)

e Front-end S/H amplifier eliminated by
with an S/H for the sub-ADC.

0.5V OTAs with local CMFB
¢ 90nm CMOS
EEEEEEEEENEEEEE e [J. Shen & P. Kinget, VLSIO7]

© Peter Kinget 50



A 0.5V 2.4GHz Recelver

1 O O O o
T e e
o

e ISM band applications
e Sliding IF topology

e LNA, Mixers, VGA +
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0.5V Analog Roadmap

Complexity
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Where do we go from here...

e Other nanoscale challenges:
— Gate & subthreshold (OFF) leakage,
— Smaller g,,/g,,
— Reduced body effect.

e Opportunities

— Device speed significantly improves:
e Scale device operating points for larger (g,.,/15),
— FinFETSs, dual gate devices, ....

— Calibrate using abundant digital gates.

e But, some fundamental limitations are
against us...

© Peter Kinget 59



Power Dissipation Limits

* Noise limited circuits [Vittoz90]:

% kT
SNR = §LS vZn.RMS = <~ Inc- 2 f CN2Viys
Vi RMS ‘ \
P=8 ka SNR2 | ideal class B |

+ Mismatch limited circuits [Kingetoe]:

2
CC = VRMS Gz(VOS) = COXAVT IDC = 2fCﬁVRMS
30(V,) \ J C

P=24C, Ay f Acc”
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Low Voltage Power Penalty

VDSsat

e Finite Vpe...:
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LV Challenge: Interfaces
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Ultra Low Voltage Analog Design
Techniques

e Device Level:
— Use body terminal for bias control or signal,
— Use RSCE, optimize L to reduce V.

e Building Block Level:

— Eliminate transistor stacks,
— Use LCMFB, CMFF & Neg. G.

e Functional Level:
— Revise signaling & architecture,
— New tuning & biasing strategies.

e Demonstrated in 0.5V analog & RF building
blocks & systems:
— filters, THA, ADCs, RF front-ends, freq. synthesizers,
— in 0.18um CMOS (|V+|=Vpp) & 90nm CMOS.
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Thank you for your attention

Any Questions, contact:

kinget@ee.columbia.edu

http://www.ee.columbia.edu/~kinget



